The present paper is devoted to the numerical analysis and experimental tests of compressed bars with built-up cross section which are commonly used as a top chord of the roof trusses. The significant impact on carrying capacity for that kind of elements in case of out-of-plane buckling is appropriate choice of battens which are used to provide interaction between separate members. Linear buckling analysis results and nonlinear static analysis results, with material and geometrical nonlinearity, are presented for the bar with built-up cross section which was used as the top chord of the truss made in reality. Diagonals and verticals which are supports for the top chord between marginal joints were replaced by the elastic supports. The threshold stiffness (minimum stiffness) for the intermediate elastic supports which ensures maximum buckling load was appointed for the beam and shell model of the structure. The magnitude of limit load depended on length of the battens was calculated for models with initial geometric imperfections. The experimental tests results for the axially compressed bars with builtup cross section and elastic support are presented.
INTRODUCTION
Structural elements such as chords of the roof trusses are often made as bars with built-up cross section. Compressed top chords of the trusses buckles in the truss plane between diagonals or out-of-plane between braced joints (if the braces are rigid). Appropriate choice of battens which are used to provide interaction between separate components of the bars with built-up cross section has significant influence on load bearing capacity of the structure. The main purpose of the present paper are stability and load bearing capacity analysis for the part of top chord of the truss made in reality and described in [4] . It was assumed that distance between the side braces of the truss was equal to 4,8 m and it was a base for the length of the analyzed bar. Verticals and diagonals which are supports for the top chord between marginal joints were replaced by the elastic supports. The influence of battens length on load bearing capacity of the bar was considered. Stability analysis of the truss with battened top chord cross section were presented in paper [7] . Similar numerical analysis and experimental tests of the compressed bars with built-up cross section were the subject of papers [3] , [5] . [6] and the instructions for design are present at code [8] .
DESCRIPTION OF THE ANALYZED STRUCTURES
Numerical analyses were performed for the bar consisted of two profiles L90×90×9 (S235). Battens made of C65 profile were situated between the angles walls (with distance equal to 0,4 m). Total length of the bar was equal to 4,8 m (Fig. 1a) . It was assumed that the structure was pinned on the marginal supports and the intermediate elastic supports with nominal stiffness "k" [kN/m] were modeled (with distance equal to 1,2 m). The torsion was blocked on every of the supports. In each part of the bar between the supports two battens were situated and the length of the battens was changeable from 5 cm to 25 cm. The beam model of the structure was made using standard 1D elements with 6 degrees of freedom at node. Analyses for single beam model (both angle bars modeled by one element) were performed in program [1] . In program [2] each angle bar was modeled separately (double beam model) and rigid elements were used as battens. The bar was divided in 40 parts along length. Shell model (Fig. 1b) was made in program [2] . About 4000 elements type QUAD4 were used and the size of the element was about 20×20 mm 2 . Experimental test were carried out for the bar consisted of two angles L20×20×3 (S235) and the length was equal to 1,3 m. One elastic support placed 
NUMERICAL ANALYSIS RESULTS
For the axially compressed bars linear buckling analysis (LBA) and nonlinear static analysis with geometric and material nonlinearity (GMNA) were carried out (for beam and shell models). The LBA analysis results showed that there is threshold stiffness for elastic supports necessary to obtain maximum buckling load ( The non-linear static analyses with geometrical and material nonlinearity were performed for the imperfect double beam model and shell model of the structure. The initial geometrical imperfection shape in form of arch with magnitude L/500 [8] was implemented. The in-plane (Imperfection Ideformation perpendicular to the y-y axis) and out-of-plane (Imperfection IIdeformation perpendicular to the z-z axis) imperfections were considered. The relation between loading and vertical displacements (measured at loaded point) for support stiffness equal to k = 1000 kN/m is presented in (Fig. 3) . The differences between limit loads (depended on the length of the battens) for shell models with imperf. I were about 2 % and with imperf. II were up to 10 %. a) The relation between limit load (magnitude of maximum loading) with respect to the support stiffness is presented in (Fig. 4) for the shell model of the bar and (Fig. 5 ) for the beam model. The threshold stiffness of elastic supports was depended on initial geometrical imperfection shape and it was about two times larger in case of structure with imperf. I than imperf. II. The limit load for the shell model with imperf. II was higher for the support stiffness k = 250 kN/m than for k = 1000 kN/m (battens L = 25 cm). The possible explanation might be different shape of deformation at the limit state. The bar was deformed in-plane and out-of-plane for the lower stiffness of support and only out-of-plane for the higher stiffness. The dispersions between magnitude of limit load for the beam and shell model might be caused by differences in connection stiffness between separate members of the bar (influence of battens stiffness in 1D and 3D model). The deformation of the structure (support stiffness k = 1000 kN/m) at the limit state is presented in (Fig. 6 ). 
STABILITY AND LOAD BEARING CAPACITY OF A BARS WITH BUILT UP CROSS

THE BAR BEARING CAPACITY ACCORDING TO EC3
According to the code [8] point 6.3 and 6.4 the maximum magnitude of loading for the analyzed structure was calculated in the case of buckling out-of-plane (deformation perpendicular to z-z axis). The results are presented in (Table. 1 ). The loading magnitude was depended on battens length and the differences were up to 5 %. The shear stiffness for bar with battens length equal to 25 cm, was calculated as for the structure with shear stiffness determined from second order theory without battens compliance, according to relation no.
6.73 [8] . It was assumed that buckling length was equal to distance between battens (L cr = 0,4 m). The calculated buckling factor was constant χ = 1. 
EXPERIMENTAL TEST RESULTS
Experimental tests for axially compressed bar were conducted on strength testing machine Zwick Roell Z400 (Fig. 7a) . Elastic support in the form of spring with stiffness k = 10 kN/m or k = 80 kN/m (Fig. 7b) was used. Numerical analysis results (LBA and GMNA -shell models) for the tested structure are presented in (Fig. 8) . The threshold support stiffness (necessary to (Fig. 9) . The reason for large discrepancies between vertical displacements for loaded bar could be the backlash at contact joints between tested structure and handles of the testing machine. Actual and assumed imperfection shape may be the reason of differences between magnitudes of limit loads (up to 7 %) obtained from numerical and experimental test results. 
SUMMARY
Presented results obtained from LBA analysis for bars with built-up cross section confirmed that there is threshold stiffness of elastic supports necessary to obtain maximum buckling load. Above that stiffness magnitude the structure buckled out-of-plane. In this case the differences between the magnitudes of buckling load for analyzed bars (depended on battens length) were up to 20%. Results obtained from nonlinear analysis for the structure with rigid intermediate supports showed that carrying capacity of the bar with geometric imperfection II (out-of-plane initial deformation) was depended on battens length and the differences between limit loads were up to 10 %.
In order to determine load bearing capacity for the bar with built-up cross section according to [8] the shear stiffness was calculated. The magnitude of that stiffness (depended on battens length) has significant influence on small differences between magnitudes of maximum bar loading (up to 5%). The reason for differences between magnitude of maximum bar loading determined from numerical analysis and experimental tests (about 7 %) might be the geometric imperfections of the structure which were assumed in theoretical research and not measured from reality.
